Background: The aim of this study was to evaluate the benefit of standard practice Optical Coherence Tomography (OCT) imaging, as a complement to coronary angiography (CA), for optimizing the indications, strategy, and results of percutaneous coronary interventions (PCI). Methods: We retrospectively analyzed 182 patients with OCT imaging in a single tertiary center. Results: OCT use had a low prevalence (3.1% of 4256 CAs and 1.7% of 3027 PCIs). OCT was used post-CA in 71.5% and post-PCI in 28.5% of cases, mainly in acute coronary syndromes-95.6%. OCT was performed for borderline lesions in 43.4% of cases; lesion severity was reassessed as severe and led to PCI in 64.5% of them. OCT was performed for nonsignificant lesions in 17% of cases; lesion severity was reassessed as severe and led to PCI in 38.7% of them. OCT provided optimal selection for PCI strategy in 11% of cases. OCT identified suboptimal PCI results in 54% left main PCIs and in 48% bifurcation PCIs with optimal CA; PCI optimization was performed. In the only seven patients with suboptimal PCI, OCT revealed an optimal result in four cases, thus avoiding unneccessary optimization. In 27.3% of patients with post-CA OCT and PCI result "systematic" OCT control, a PCI optimization was indicated. Conclusion: OCT supplied a major benefit in 86.2% of cases, especially by identifying significant coroanry stenosis in CA borderline and nonsignificant lesions; OCT led to PCI indication in two-thirds and, respectively, one-third of these cases. In the post-PCI context, OCT led to an indication of PCI optimization in half of the complex left main and bifurcation lesions, as well as in a quarter of "systematic" post-PCI OCT controls.
Introduction
Cardiovascular diseases represent a major health burden, with coronary artery disease (CAD) as the most important cause of morbidity and mortality [1, 2] . Every effort is made for improving CAD diagnosis, identifying patients with an indication for revascularization and optimal revascularization treatment through either interventional cardiology or cardiac surgery, resulting in a progressive decrease in CAD mortality [3, 4] .
Coronary angiography (CA) is the gold standard invasive procedure currently used for CAD diagnosis, decision-taking and assessing efficacy of percutaneous coronary interventions (PCIs) [5] .
Methods

Study Population
This study retrospectively analyzes the indications and benefit of OCT use in 182 patients, evaluated in a single tertiary center from Romania (Cluj County Emergency Hospital, Department of Interventional Cardiology), over a period of 5 years (January 2012-September 2017). During this interval, 4256 patients underwent CA for suspected CAD, of whom, 3027 patients also had PCI.
No exclusion criteria were considered. Informed consent was obtained before the invasive procedure. Clinical data and angiographic examinations were stored in the hospital database and in a dedicated catheterization laboratory database.
Data regarding cardiovascular risk factors [2] were obtained from patients history, physical examination, and medical records. Arterial hypertension was defined as known or newly diagnosed blood pressure values above 140/90 mmHg. Diabetes mellitus was defined as known or newly diagnosed blood fasting glucose above 126 mg/dL or glycated haemoglobin >6.5%. Dyslipidemia was defined as low-density lipoprotein cholesterol >130 mg/dL and/or triglycerides >150 mg/dL. Renal insufficiency was defined as a glomerular filtration rate <60 mL/min. Smoking habit was defined by current or recent smoking. Overweight was defined as body mass index >25 kg/m 2 .
CA was performed via right radial artery in 143 (78.6%) patients, via femoral artery in 35 (19.2%) patients and transbrachial in the remaining four (2.2%) patients, on Siemens Coroskop T.O.P and Siemens Artis Zee angiographs (Siemens Healthineers, Erlangen, Germany). Severity of coronary stenosis was assessed visually and by quantitative coronary analysis (QCA). The highest degree of stenosis severity, usually the area stenosis severity provided by QCA, was considered. After CA, coronary arteries were classified as normal (without plaques), with nonsignificant lesions (<50%), with borderline lesions (50-70%) or with significant stenosis (>70%).
OCT Acquisition Technique, Analysis, and Indications
OCT images were acquired with a commercially available system (ILUMIEN OPTIS OCT Intravascular Imaging System, St. Jude Medical, St. Paul, MN, USA), using an over the wire OCT catheter (C7 Dragonfly™ and Dragonfly™ OPTIS™, St. Jude Medical, St. Paul, MN, USA). The entire length of the region of interest was scanned using the integrated automated pullback device at 20 mm/s. During image acquisition, coronary blood flow was replaced by continuous flushing of contrast medium directly from the guiding catheter. All images were recorded digitally, stored, and analyzed using proprietary software (St. Jude Medical, St. Paul, MN, USA) in concordance with standard consensus of OCT use [5] .
OCT was performed by all three senior interventional cardiologists, using the predefined indications in Table 1 , during working hours and, two days each week, 24/24 h, for emergency situations like acute coronary syndromes (ACS). Table 1 . Indications for OCT use, adapted from Tearney G.J. et al. [5] , Räber L. et al. [10] and Karanasos A. et al. [16] . OCT: optical coherence tomography; PCI: percutaneous coronary intervention; ACS-acute coronary syndrome.
OCT Indication Specific Area of Interest
Post-Coronary Angiography and before a first PCI procedure Indications for OCT use were the ones generally accepted at the time of the investigation (Table 1) [5, 10, 16] . OCT was performed either after CA, for lesion evaluation or pre-PCI strategy assessment, or after PCI, for result assessment. OCT quantification of coronary lesion severity was made using the proprietary software, as area stenosis compared to largest pre-lesion reference area. An OCT area stenosis of at least 70% was considered as significant stenosis, with an indication for PCI.
The study complies with the Declaration of Helsinki on human research.
Statistical Analysis
Categorical variables were expressed as frequencies and compared with χ 2 test. A two-sided p-value of 0.05 was considered significant.
Results
Demographic, Clinical and Angiographic Data
The investigated population includes 174 (95.6%) patients with ACS, of which 50 had ST-elevated myocardial infarction (STEMI), 39 had non-ST elevated myocardial infarction (NSTEMI), 85 had unstable angina (UA), and eight had stable CAD (SCAD). Demographic, clinical and angiographic data of OCT investigated patients are presented in Table 2 and data regarding their cardiovascular risk factors are presented in Table 3 . 
Post Coronarography OCT
OCT was performed in two main instances: first, as a complemmentary imaging method after CA-130 patients (71.5% of the OCT investigations) and second, as an imaging method just used first after PCI-52 patients (28.5% of the OCT investigations) ( Figure 1 ). Post-CA OCT was made in 3.1% of the total 4256 CAs performed in CAD patients, while post-PCI OCT was done in 1.7% of the total 3027 PCIs. OCT had two main indications, in the 130 patients post-CA group: OCT to provide accurate diagnosis and therapeutic decisions for revascularization ("decision-making OCT group")-110 patients (60.4% of the OCT investigations)-and, respectively, OCT to provide optimal selection of PCI strategy-20 patients (11% of the OCT investigations) (Figure 1 ).
"Decision-making OCT Group"
In the "decision-making OCT group" (110 patients), there were 79 patients (43.4% of the OCT investigations) with borderline (50-70%) CA lesions and 31 patients (17% of the OCT investigations) with nonsignificant lesions (<50%) or with a normal aspect on CA ( Figure 1 ).
Borderline CA Lesions
In the 79 patients with a high clinical and electrocardiogram suspicion of CAD and with borderline CA lesions, in 77 of them with ACS (43 UAs, 17 STEMIs, and 17 NSTEMIs) and only two with SCADs an accurate decision for revascularisation could not be made based on CA alone, so OCT was performed. After performing OCT, the severity of coronary artery lesions was reassessed and graded as severe (>70%) (Figure 2A /a), with an indication for revascularization in 51 patients (64.5% of the 79 cases) ( Table 4 ). 10 UAs, and four NSTEMIs). These ACS pts represented 15.3% of the total 189 ACS patients with nonsignificant lesions or normal coronary arteries investigated in our center, during the investigated time interval. There also were two SCAD patients. OCT identified 12 patients with significant (>70%) lesions (38.7% of the 31 cases), leading to PCI revascularization (Table 4) .
When performed after CA, OCT led to revascularization in significantly more patients with borderline lesions than in ones with nonsignificant lesions or normal coronary arteries (64.5 vs. 38.7%, p = 0.013).
OCT for Optimal Selections of PCI Strategy
The second main indication for OCT, after CA, was represented by patients in whom a decision for PCI revascularization was taken after CA, but OCT was still needed on top of CA, in order to provide optimal selection of PCI strategy (Figure 1 ). In these 20 patients (11% of the OCT investigations), there were three indications for OCT:
identification of stent failure mechanism (10 patients, 5.5% of the OCT investigations); OCT proved restenosis in eight and neoatherosclerosis in two patients ( Figure 10 UAs, and four NSTEMIs). These ACS pts represented 15.3% of the total 189 ACS patients with nonsignificant lesions or normal coronary arteries investigated in our center, during the investigated time interval. There also were two SCAD patients. OCT identified 12 patients with significant (>70%) lesions (38.7% of the 31 cases), leading to PCI revascularization (Table 4) .
The second main indication for OCT, after CA, was represented by patients in whom a decision for PCI revascularization was taken after CA, but OCT was still needed on top of CA, in order to provide optimal selection of PCI strategy (Figure 1 ). In these 20 patients (11% of the OCT investigations), there were three indications for OCT: -identification of stent failure mechanism (10 patients, 5.5% of the OCT investigations); OCT proved restenosis in eight and neoatherosclerosis in two patients ( Figure 2E /e); -selection of PCI devices features (seven patients, 3.8% of the OCT investigations); there were three cases of long lesions PCI ( Figure 2F /f), two of left main (LM) PCI and another two of bifurcation PCI; -comprehensive assessment of native lesions suspected of complications (three patients, 1.6% of the OCT investigations); OCT confirmed complicated atherosclerotic plaques in all three of them, with identification of thrombus in one patient.
- 
Post-PCI OCT group
The "post-PCI" OCT group included 52 patients, with two main indications for imaging ( Figure  1 ): assessment of complex lesions PCIs, with an optimal angiographic result-45 cases (24.7% of the OCT investigations) and assessment of suboptimal PCI results-seven cases (3.8%).
Assessment of Complex Lesions PCIs with Optimal Angiographic Result Included: Left Main Lesions PCI Assessment
This group included 24 patients with LM PCI, representing 13.2% of OCT indications and 19.8% of the 121 LM PCIs performed in our center, during the investigated time interval; there were mainly ACS (nine UA, eight STEMI, and six NSTEMI) patients, while two had SCAD; OCT was performed for LM PCI control in cases of technically challenging procedures (15 cases), two stents technique (seven cases), and for important LM, LAD, or LCX decalibration (two cases); optimal OCT results were found in 11 patients, without need for LM PCI optimization; OCT imaging found malappositions (10 patients) ( Figure 2G/g ) and edge dissections (three patients), leading to a decision 
Post-PCI OCT Group
The "post-PCI" OCT group included 52 patients, with two main indications for imaging ( Figure 1 ): assessment of complex lesions PCIs, with an optimal angiographic result-45 cases (24.7% of the OCT investigations) and assessment of suboptimal PCI results-seven cases (3.8%).
Assessment of Complex Lesions PCIs with Optimal Angiographic Result Included: Left Main Lesions PCI Assessment
This group included 24 patients with LM PCI, representing 13.2% of OCT indications and 19.8% of the 121 LM PCIs performed in our center, during the investigated time interval; there were mainly ACS (nine UA, eight STEMI, and six NSTEMI) patients, while two had SCAD; OCT was performed for LM PCI control in cases of technically challenging procedures (15 cases), two stents technique (seven cases), and for important LM, LAD, or LCX decalibration (two cases); optimal OCT results were found in 11 patients, without need for LM PCI optimization; OCT imaging found malappositions (10 patients) ( Figure 2G/g ) and edge dissections (three patients), leading to a decision for PCI optimization (with new balloon dilatation or, respectively, new stent implantation) in these 13 out of the 24 patients (54% of the LM PCIs with optimal angiographic results) ( Table 4) .
Bifurcation Lesions PCI Assessment
This group included 21 patients with bifurcation PCI, representing 11.5% of OCT indications and 2.2% of the 955 bifurcation PCIs performed in our center, during the investigated time interval; there were only ACS (11 UA, seven NSTEMI, and three STEMI) patients; OCT was performed for bifurcation PCI control in cases of technically challenging procedures (11 cases) and two stents techniques (10 cases); optimal OCT results were found in 11 patients, without need for PCI optimization; OCT imaging found malappositions (six patients) and edge dissections (four patients), leading to a decision for PCI optimization in these 10 out of the 21 patients (48% of the bifurcation PCIs with optimal angiographic results) ( Table 4 ).
Assessment of Suboptimal PCI Results
This group included seven patients (three STEMI, two NSTEMI, and two UA), representing only 0.23% of the 3027 PCIs performed in our center in the investigated time interval. The indication for OCT imaging was represented by -angiographic suspicion of edge dissection (three cases); only one was confirmed by OCT, leading to PCI optimization; -angiographic suspicion of extensive coronary dissection (one case)-unconfirmed by OCT; -angiographic suspicion of coronary thrombus (two cases), confirmed by OCT in both cases and followed by PCI optimization; -angiographic suspicion of significant residual stenosis in the native coronary, proximal to the stented lesion (one case), unconfirmed by OCT ( Figure 2H /h).
In this group, OCT imaging revealed the presence of an optimal PCI result in four of the seven patients (57.1%), thus avoiding unneccessary PCI optimization. There were only three out of seven patients (42.8%) in whom PCI optimization was really needed.
Decision Change after OCT
For the entire group of 182 patients investigated by OCT, intracoronary imaging had a decisive benefit for optimizing interventional cardiology indications and strategy, in 157 patients (86.2%), as follows -in all the 130 patients having OCT imaging as a complement to CA, for assessing the indication of revascularization and -in 27 of the 52 patients investigated post-PCI (51.9% of this subgroup).
OCT Investigations not Included in This Study
There also were 44 OCT investigations performed after PCI, out of 77 cases, in patients from the "post-CA" group. In these patients, OCT catheter was already used before PCI, OCT investigations were therefore performed for PCI result control. In this group of patients, all post-PCI angiographic results were optimal, but OCT found suboptimal result and led to optimization in 12 cases (27.3%): 10 with balloon post-dilatation for stent underexpansion and two with new stent implantation for edge dissections. 
Discussion
Multiple centers use OCT in a variety of clinical scenarios for diagnosis and therapeutic optimization in coronary interventions [9] [10] [11] [12] [13] [14] . A recently issued European Association of Percutaneous Cardiovascular Interventions (EAPCI) expert consensus document on clinical use of intracoronary contained a broad array of OCT indications [10] . The ESC guidelines on myocardial revascularization [15] recommend OCT use for PCI optimization (Class IIa, Level of evidence B) and for identifying stent failure mechanism (Class IIa, Level of evidence C). A recent clinical practice survey [11] offered the perception of interventional cardiologists on the indications for OCT use and their relative prevalence. Our study provides actual evidence on real-life OCT use in a tertiary interventional cardiology center, allowing analysis of its indications and highlighting its benefits. The main benefit proved to be the identification of significant coronary stenosis, with an indication for PCI, in patients with borderline and nonsignificant coronary lesions on CA. Our study also proved OCT interest for optimizing imaging results after PCI, in complex LM and bifurcation lesions, as well as in a "systematic" post-PCI OCT control approach. This imagistic PCI optimization would translate into a better clinical outcome [5, 10] .
In our study, OCT proves particularly useful in the clinical setting of ACS (95.6% of the investigated patients), with 71.5% of OCTs performed as a complementary imaging method to CA, representing 3.1% of CAs in our center.
We mainly used OCT to provide accurate diagnosis and therapeutic decisions concerning revascularization (60.4% of the OCT investigations). A moderate proportion (43.4%) of the OCT investigations were performed for borderline lesions, and 17% for assessment of coronary arteries with nonsignificant lesions or with a normal aspect. Our approach is in consensus with the recent european recommendation [15] of OCT use in the up to 25% of NSTE-ACS patients with angiographically normal epicardial arteries, for identifying culprit lesions or rule out mechanisms such as dissection and haematomas (MI with nonobstructive coronary arteries, MINOCA). In ACS patients, physiological evaluation with fractional flow reserve has a limited value, with contradictory reports on safety [15, 17, 18] and unknown prognostic value [15] .
A very important finding in our study is that OCT, performed complementary to CA, in ACS, reassessed the severity of coronary lesions and led to the indication of revascularization in 64.5% of borderline lesions, and in 38.7% of nonsignificant lesions or normal coronary arteries. This result would support inclusion of OCT imaging in the practice guidelines, in this setting.
In our study, OCT also proved useful for the control of LM PCI patients with optimal angiographic results, which accounted for 13.2% of OCT indications. In these patients, suboptimal OCT findings as malappositions and edge dissections led to PCI optimization in not less than 54% of the cases. This finding underlines the limits of angiography for LM PCI assessment and may support the need for a systematic OCT imaging in this setting. In our study, OCT was used in only 19.8% of LM PCI patients, with technically challenging procedures, a two-stent technique, or important LM, LAD, or LCX decalibration.This was in contrast to the survey on intravascular imaging use, where participants reported a 77% use for LM PCI guidance [11] .
OCT was useful for optimization of bifurcation PCI, in difficult, technically challenging procedures and two-stent techniques. Despite a very good angiographic result in these patients, OCT found suboptimal results in 48% of the cases, with need for optimization. These findings support the limited existing data [19] [20] [21] regarding the need for more than angiography in bifurcation PCI. Other clinical practitioners reported a 53.5% use of IVI for guiding bifurcation PCI [11] . However, we used OCT for only 2.19% of our bifurcation PCIs (11.5% of total OCTs).
While other authors report that 79.6% of IVI evaluations are done for PCI strategy planing, in selected cases [11] , this indication accounted for only 11% of OCTs, in our center. We used pre-PCI OCT for identifying stent failure mechanisms, selecting PCI devices features, and assesing native lesions.
OCT provided support in cases with suboptimal angiographic PCI results, in whom imaging proved in fact to correspond to a good PCI result, in four of the seven investigated patients. This is a rare OCT indication but its results further support that OCT imaging may overcome CA limitations.
While being available during the whole 5-year period of our study, OCT was used in only 1.7% of patients undergoing PCI. Our findings are comparable to the results of a recent large observational study, which showed a 1.3% prevalence of OCT use for PCI guiding [22] .
Our relatively low prevalence of OCT use (3.1% of CA and 1.7% of PCIs) is similar to the approach of 16.6% of interventionalists in the recent clinical practice survey, that used intravascular imaging in less than 5% of their patients [11] . It is however to be noted that, in this same survey [11] , 51.3% of the participants use IVI in more that 15% of patients, another 18% of participants use IVI in 5-15% of patients, and 10.3% of participants use IVI only in highly selected cases, while 3.9% of interventional cardiologists do not use any IVI [11] .
Our study reports that OCT, while used in a limited number of pts submitted to CA and PCI, offer a substantial benefit for 86.2% of the investigated patients, leading to optimization of interventional cardiology indications and strategy. This is true in all patients in the post-CA group and in 51.9% of the post-PCI group.
Our results concerning OCT-related decision changes in the post-PCI LM and bifurcations complex lesions group (51.9%) are similar to the ones reported by the DOCTORS [23] trial, namely, a 50% change in procedural strategy in the OCT group. The ILUMIEN I study [24] reported 27% decision change in the post-PCI group. This low prevalence of OCT-related decision change post-PCI in the ILLUMIEN I study, can be explained by the systematic use of OCT, both pre-and post-PCI [24] . In our study, the systematic post-PCI use of OCT, in patients already having had OCT pre-PCI, led to identification of suboptimal PCI results, mainly underexpansion and edge dissection, with an indication for PCI optimization, in 27.3% of the cases, similar to the one in ILLUMIEN I study [24] .
Study Limitations
Our study is an observational, retrospective, single-center one, with a limited sample size, without a statistical power calculation; thereby, our results should be interpreted with caution and considered hypothesis generating. Clinical follow-up of our patients is beyond the purpose of our study. Long term clinical benefit of a dual imagistic approach, using both CA and OCT, and not only CA, for the selection of PCI indications, strategy and result assessment and optimization, would require either a randomized study, or a comparison between centers using these two approaches.
Conclusions
The main OCT benefit is in borderline and nonsignificant lesions on CA, in whom OCT identifies significant coronary stenosis and leads to PCI indication in two-thirds and, respectively, one-third of the patients. In the post-PCI context, OCT leads to an indication of PCI optimization in half of the complex left main and bifurcation lesions, as well as in a quarter of "systematic" post-PCI OCT controls. 
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